A nationwide survey (70% response) documented anaesthetists' hours of work, their perceptions about safety limits and their recollection of fatigue-related errors in clinical practice. In the preceding six months, 71% of trainees and 58% of specialists had exceeded their self-defined safety limits for continuous anaesthesia administration. For 50% of trainees and 27% of specialists, their average working week exceeded their own limits for maintaining patient safety, and for 63% of trainees and 40% of specialists, it exceeded their limits for maintaining their personal well-being. Fatigue-related errors were reported by 86% of respondents, with 32% recalling errors in the preceding six months. Specialists were more likely to report a fatigue-related error if they had exceeded their own safety limits for continuous anaesthesia administration, or for weekly work hours. Current measures are not preventing anaesthetists from working hours that they consider to be unsafe for patients or harmful to their own well-being.
In the administration of anaesthesia, human error has been implicated in 83% of safety incidents 1, 2 and in 95 to 97% of serious accidents involving equipment failure 3 . Error is inevitable in complex, dynamic activities, and there is increasing recognition that safety improvements are more likely to come from addressing its causes, rather than from inappropriate punitive action 4, 5 .
The extended and irregular hours of work that are commonplace in anaesthetic practice may increase the likelihood of error, since human performance is systematically degraded by inadequate sleep and at unfavourable times in the daily cycle of the circadian biological clock [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] . Estimates of the magnitude of this problem vary. Fatigue is cited as a contributing factor in 10% of wrong-drug errors and 2% of all anaesthesia incidents reported to the Australian Incident Monitoring System 2 . In a U.S. survey, 61% of practitioners reported having made errors in administration of anaesthesia that they attributed to fatigue 18 . However, this figure may not be representative, given that the response rate in this study was only 6.5%.
It is arguable that self-reports underestimate the role of fatigue. Self-assessment of alertness is typically unreliable, particularly as people get sleepier 19 . Many people are unaware of the link between fatigue symptoms and performance impairment 7, 12 . Even if this link is acknowledged, people who are commonly required to work with inadequate rest may not consider fatigue an acceptable excuse for error 20 , and professional culture may engender a reticence to acknowledge fatigue 2 .
The present study aimed to provide an overview of the hours worked by anaesthetists in New Zealand, and to document their perceptions about safe limits for work hours. It also sought to relate these factors to the reporting of fatigue-related errors in anaesthetic practice.
METHODS
This study was approved by the Wellington Regional and North Health Ethics Committees. A three-page questionnaire, modelled after that of Gravenstein et al 18 , requested information on practising status, demographic variables, work hours, self-defined limits for maintaining patient safety and personal well-being, and fatigue-related errors*. The questionnaire and a return envelope were included with the July 1997 newsletter of the Continuing Education Committee of the Australian and New Zealand College of Anaesthetists (CECANZ). Nonresponders received a second questionnaire and return envelope in the November newsletter (about 10 weeks after the first mail-out). Each questionnaire was assigned a unique three-digit code and the confidentiality and anonymity of participants was assured.
EPI-Info 6 (U.S. Centers for Disease Control and Prevention, and the World Health Organization) was used for database development and for all statistical analyses except logistic regression, which was carried out using SAS 6.12 (SAS Institute, Cary, NC, U.S.A.).
RESULTS
The response rate was 70% (301/433 eligible participants)**. The analyses reported here were restricted to full-time anaesthetists (arbitrarily defined as those whose average working week was at least 35 hours). This included 44 registered trainees, 183 specialists, and nine "others", of whom six were medical officers of special scale (a non-training grade for career anaesthetists without specialist registration). Specialists and "others" were comparable in age (mean of 46 years versus 45 years) and experience (mean of 18 years versus 16 years), while the trainees were significantly younger (mean age 33 years, Kruskal-Wallis H=81.5, P<0.000001). None of the trainees worked in private hospitals, and for most (95%), their income was not related to the number of anaesthetics they administered. In contrast, two-thirds of specialists had combined public/ private practices and 69% had their income related to the number of anaesthetics they administered or supervised. Table 1 summarizes the characteristics of the average working week, the longest work periods in the last six months and self-defined limits for work duration. Trainees reported working longer average weeks with more night work than the other groups. For most trainees (83%), night work consisted of rostered shifts, while for most specialists (90%) and "others" (63%) night work consisted of being on call †. The majority of trainees (92%) had the opportunity for horizontal rest during night shifts.
Reported Working Hours and Self-Defined Limits
In the six months prior to the survey, 35% of trainees had worked at least one shift exceeding 16 hours, as had 50% of specialists. In the same period, 65% of trainees had worked more than 72 hours in a seven-day period, compared to 32% of specialists. Table 1 also indicates that trainees felt that they could work more hours per week while maintaining patient safety and their personal well-being, than did the other two groups.
Exceeding Self-Defined Limits
For each anaesthetist, his/her self-defined limits for safety and well-being were compared with what he/she reported working. Table 2 indicates that in the preceding six months, both trainees and specialists, as groups, had significantly exceeded their self-defined safety limits for continuous anaesthesia administration (with or without breaks), and for the number of hours they could work in a seven-day period. None of the comparisons in Table 2 were significant for "others", possibly because of the small number of anaesthetists in this category.
Not all individuals had exceeded their selfdefined limits for maintaining patient safety. Figure 1 shows the distribution of responses for trainees and specialists, comparing the maximum period that each had worked in the last six months with their own safety limit for continuous anaesthesia administration with breaks.
Half of the trainees and 27% of specialists indicated that their average working week exceeded what they could work safely on an ongoing basis, although this difference was not significant for either group overall ( Table 2) . For trainees as a group, the average working week exceeded what they estimated they could work on an ongoing basis while maintaining their personal well-being. Figure 2 shows the distribution of responses for individual anaesthetists, comparing their average working week with their ongoing limit for maintaining their personal well-being.
Recollection of Fatigue-Related Errors
Eighty-six per cent of respondents reported that they had, at some time in their careers, made an error in clinical management that they attributed to fatigue. Paradoxically, those who reported never making an error were older (mean age=47.8 y versus 42. that there were 482 anaesthetists practising in New Zealand at that time (including specialists, trainees, and MOSS's). †Among the specialists, 8% did not work at night and 3% were on rostered night work. practice=21.4 versus 14.4, P(t)<0.001) than those who reported errors. Thirty-two per cent of respondents recalled making a fatigue-related error in the last six months. A Chi-square analysis indicated that trainees were significantly more likely to report this than specialists, with a risk ratio of 1.45 (95% confidence interval 1.02-2.08).
Work Patterns and Fatigue-Related Errors
Logistic regression analyses were carried out to test whether the likelihood of reporting a fatigue-related error in the last six months was related to any aspect of work patterns. Trainees and specialists were analysed as separate groups. The variables tested were: average weekly working hours; average number of nights worked per week; number of nights in the last fortnight with work-related sleep disturbance; whether the department or institution had limits on daily or weekly working hours, or regulations/recommendations for compensatory rest (particularly after night work); and whether periodic breaks during work were permitted or encouraged. For specialists, two additional variables were considered: the number of years of anaesthetic practice and whether or not remuneration was related to the number of anaesthetics administered or supervised.
For trainees, none of these variables was related to the likelihood of reporting an error in the last six months, possibly due to the relatively small sample size (n=41). For specialists, significant effects were found for: the number of nights of work-related sleep disturbance in the last fortnight (risk ratio=1.25, 95% confidence interval 1.06 to 1.49); years of practice (risk ratio=0.91, 95% confidence interval 0.87 to 0.96); and the method of remuneration, with specialists whose income was linked to the number of anaesthetics being less likely to report errors (risk ratio=0.60, 95% confidence interval 0.38 to 0.95).
Exceeding Self-Defined Limits and Fatigue-Related Errors
Chi-square analyses were carried out to test whether anaesthetists who had exceeded their selfdefined limits for maintaining patient safety or their own well-being were also more likely to report a 181 WORK HOURS AND FATIGUE-RELATED ERROR IN Trainees Specialists
(Maximum worked)-(maximum safe limit)
Longest anaesthesia administration without breaks +2.7**** +1.9**** Longest anaesthesia administration with breaks +2.7**** +3.1**** Maximum hours of work in 7 days +10.3*** +6.6***** (Average hours worked)-(ongoing limit) (Average work week)-(ongoing safety limit) +2.4 (ns) -1.2 (ns) (Average work week)-(ongoing well-being limit) +4.2* +1.3 (ns)
Comparisons by paired t-tests, ns P>0.05, ***P<0.001, ****P<0.0001, *****P<0.00001.
FIGURE 2: Distribution of the difference (in hours) between each anesthetistís average working week and his/her self-defined limit for weekly work hours, on an ongoing basis, that would permit the maintenance of personal well-being.
fatigue-related error in the last six months. The significant risk ratios are shown in Table 3 . Again, the relatively small number of trainees may have contributed to the lack of significant findings in this group. The significant relationships in Table 3 raise the possibility that specialists who reported fatiguerelated errors might also be those who reported lower work limits for maintaining safe practice and their own well-being. However, Chi-square comparisons indicated that specialists who reported errors and specialists who did not report errors did not differ in their self-defined safety and well-being limits (for all comparisons, P>0.1).
For specialists, all the significant individual predictors of error reporting were entered into multiple logistic regression models. Significant independent contributions were found for: years of practice; having exceeded self-defined safety limits for continuous anaesthesia administration with breaks; and having exceeded self-defined safety limits for maximum weekly work hours.
DISCUSSION
This would appear to be the first study that has linked working hours to reports of clinical error. Specialists who had exceeded their self-defined safety limits for continuous anaesthesia administration (with breaks), or for weekly working hours, were more likely to report a fatigue-related error in the preceding six months than were specialists who had remained within their own safety limits.
The study has some important limitations. Firstly, all of the data are subjective. One interesting paradox is that older, more-experienced anaesthetists were less likely to report having made a fatigue-related error in their careers than were younger, lessexperienced anaesthetists. Possible explanations for this include changes in awareness of errors, in personal definitions of error, or in willingness to report errors. Similarly, the greater likelihood of trainees reporting errors in the preceding six months, compared to specialists (risk ratio 1.45), may represent a difference in the risk of error or a difference in reporting behaviour. A second limitation is that no information was collected on the types of errors recalled or how many of these errors actually harmed patients. It is arguable that anaesthetists might be more likely to recall errors that had more severe outcomes, and perhaps be unaware of errors that had less conspicuous consequences. A third limitation is that no information was collected on how many fatigue-related errors were recalled, so no conclusions can be drawn about error rates. We are currently conducting other studies that address these issues. The proportion of anaesthetists who reported having made a fatigue-related clinical error at some time in their careers is higher in this survey (86%) than in a comparable U.S. survey 18 (61%).
The present study suggests that current measures to limit work hours are not preventing anaesthetists from working hours that they consider to be unsafe for patients or harmful to their own well-being. The majority of trainees (88%) and specialists (73%) indicated that their department/institution permitted or encouraged breaks during the working day. Nevertheless, in the preceding six months, both groups had exceeded what they considered to be safe limits for continuous anaesthesia administration without breaks. Anaesthetists in this study estimated that they could safely work longer without breaks (mean 5.2 h for trainees, 6.0 h for specialists) than anaesthetists in the U.S. survey 18 (mean 4.6 h for residents, 5.2 h for anesthesiologists).
The average working week of all groups of anaesthetists in this study exceeded the 48 hours dictated by the European Union's working time directive 21 . In its draft national code of practice for hours of work and rostering for hospital doctors 22 , the Australian Medical Association proposed that working longer than 70 hours per week represented a high risk, where "a risk is the likelihood of injury or illness resulting from any exposure to a (workplace) hazard". Among the New Zealand anaesthetists in our survey, 5% of specialists and 16% of trainees reported an average working week lasting 70 or more hours. Forty-seven per cent of specialists and 79% of trainees reported that their longest working week in the previous six months was 70 or more hours. Specialists in New Zealand do not have a nationwide agreement covering work hours. However, trainees are covered by a contract negotiated by the Resident Doctors Association, which limits the maximum shift duration to 16 hours and the maximum working week to 72 hours. In the present study, 35% of trainees reported they had exceeded the 16-hour shift limit in the previous six months and 65% reported that they had exceeded the 72-hour weekly work limit. Of particular concern is the finding that 50% of trainees and 27% of specialists indicated that their average working week exceeded what they believed they could do on an ongoing basis while maintaining patient safety.
In addition, 63% of trainees and 40% of specialists indicated that their average working week exceeded what they believed they could do on an ongoing basis while maintaining their personal well-being. Clearly, these issues are not limited to anaesthetists. The AMA proposed national code of practice 22 is intended for all hospital doctors. It is innovative in that it takes a much more comprehensive approach than simply considering hours of work. This is in keeping with recent initiatives in other industries, which recognize the importance of the effects of shiftwork on sleep and circadian physiology 23, 24 . We conclude that more needs to be done to ensure safe limits on hours of work in anaesthesia, to improve both patient safety and the wellbeing of anaesthetists.
